The main way of analyzing the effectiveness of a sunscreen is through the sun protection factor (SPF) which can be obtained through in vivo and/or in vitro methodologies. This paper aims to review these methodologies and evaluate the effectiveness of in vitro tests, focused in spectrophotometry ultraviolet, compared to traditional in vivo methods. DESCRIPTORS: Methodology, Sun Protection Factor, Spectrophotometry.
INTRODUCTION
pigmented lesions such as actinic keratosis (2) .
A survey by the Brazilian Society of Dermatology (BSD) (3) in 2010
revealed that there is a nationwide incidence of skin cancer around 11.12% of a total of 32, 428 attendances. Of the total, whiteskinned people accounted for 14.08%
of cancers in the majority of basal cell carcinomas. Very noteworthy data also revealed that men would be most affected by photocarcinogenesis and these were exposed to the sun more often and without protection -37.87% of cases compared with women, 20.76% of cases of exposure radiation without protection (3) .
Due these data, people now are using more frequently products to protect themselves from sun, meanly sunscreens. However, it is necessary that a very efficient sunscreen substance be used in the cosmetic formulation. Therefore, in order to check such efficiency, many methods have been proposed.
SUNSCREENS
The spectrum of sunlight radiation is composed mainly by infrared (IR), visible (VIS) and ultraviolet (UV) radiation, which reach the planet's surface at a rate of approximately 50% IR, 45% VIS and 5% UV (4) . It includes wavelengths between 200 and 400 nanometers (1 nm = 10 -9 m) and is common to separate UV radiation in UVA (320-400 nm), UVB (290-320 nm) and UVC (200-290 nm) (5) . Radiation shorter than 290 nm, like UVC, practically does not reach the surface, being absorbed by the stratospheric ozone layer (6) .
UVB radiation is highly energetic and can be absorbed by the glass. It is responsible for acute and chronic damage to the skin, such as stains, burns (redness and blisters), scaling, skin cancer; epidermal DNA damage and Langerhans cells by suppressing the immune response (7) .
UVA rays, in turn, are the most abundant and cross the most common glasses (8) . Because they have larger wavelengths, they are less energetic and from 600 to 1000 times less erythematogens, penetrating deeper into the dermal layer with possible cumulative damage to the structural components of the skin (9) .
To minimize the deleterious effects of ultraviolet radiation, public education on photoprotective measures should be continued. The most effective one clearly is complete avoidance of sun exposure during its peak ultraviolet radiation (10 a.m.-4 p.m.) (10) . Such action should be accompanied by the use of appropriate clothing, wide-brimmed hat, sunglasses, and broad-spectrum sunscreen to achieve the optimal protection.
Sunscreens are chemicals with properties to absorb, reflect and scatter the radiation incident on the skin (11) . These active compounds can be organic or inorganic and theirs combination within a complex vehicle matrix will provide a protection against UVA and UVB radiation (12) .
Furthermore, they must be stable in human skin and heat, photostable under the sunshine to ensure protection for several hours;
and they must not be irritating, sensitizing or phototoxic. They must cover and protect the surface of the skin without penetrating it, avoiding systemic exposure; they should be waterproof, tasteless, odorless and colorless; and compatible with cosmetic formulations (13) .
The inorganic powders filters are inert, opaque, insoluble in water and fatty material (13) . The most commonly used are zinc oxide (ZnO) and titanium dioxide (TiO 2 ), and others such as cerium, talc, kaolin and zirconium (14) . They form a physical barrier on the skin, reflecting and/or scattering UV light.
Organic filters act, basically, in the absorption of UV radiation, but can also reflect and scatter light at the same time (13) (14) . (20) , which can be solve using a combination between the different filters, chemical and physical in the same formulation.
The proof of sunscreen products efficacy is of high importance for the protection of public health as the UVB fraction of solar radiation is the main contributor to skin sunburn, immunosuppression and skin cancer (21) . The primary method of evaluating the efficacy of sunscreens has been through the measurement of the SPF for UVB (20) e UVAFP for UVA (5, 22) , which can be performed by tests in vivo and/or in vitro. (23) .
The assay of sunscreen agents in commercial products is important for quality control purposes and for checking their conformance to the existing legislation. In addition, in order to ensure an adequate photoprotective action during usage, the stability of the sunscreen in the finished product needs to be determined (24) .
In vivo UVB methodology
The methodologies in vivo currently recommended are Australian standard (25) 
Minimal erythemal dose (MED)
is a measure of the amount of energy per unit area (J/cm 2 ) required to cause minimal erythema. It must be determined empirically over many days so as not to cause excessive burning to the skin of the subjects as a result of repeated exposure (15, 28, 29) .
The determination the SPF made in relation to the biological effect of UVB irradiation (30) . (31) . The final average found cannot be less than the SPF stated on the product packaging by the manufacturer and the variation of the twenty values found cannot be greater than 5% (32) .
The COLIPA methodology (33) used at least ten and not more than twenty volunteers, depending on the desired statistical significance. Since, (20) , there is a new legislation since 2012 that requires the determination of water resistance of the sunscreens (5) .
In vivo UVA methodology
The main in vivo method is Persistent Pigment Darkening (PPD)
as recommended by the Japan Cosmetics Industry Association (JCIA), standardized and published in 1996 (35) . It is based on the response of delayed or persistent pigmentation of the skin against UVA (320-400 nm)
after an exposure period of 2 to 4 hours (22, 35) . This response is a biological reaction, which develops after irradiation of the skin by a pure UVA simulated sunlight source. The well as modification of preexisting melanin (36) . (5, 37) . (39) .
Moreover, the in vivo method is expensive and time consuming,
factors that make it difficult to be adopted in routine quality control (40) .
As based on spectrophotometric analysis of dilute solutions (23) .
The high variability of in vitro results suggests that main attention should be focused on substrate selection simulating the human skin surface and homogenous product application (21) . The substrate plate is the material on which the sun care product is applied. It must be UVtransparent, non-fluorescent (i.e., no detectable fluorescence when exposed under UVR and measured with the spectrophotometer), photostable and inert towards all ingredients of the preparations to be tested (33) . It also must have optical and physicalchemical properties close to those of the skin (42) . Thus the in vitro test of the sunscreen is based on absorbance (calculated from transmittance) or reflectance measurements through a thin film of sunscreen spread over roughened substrate, before and after exposure to a controlled dose of UV radiation from a defined source (33) .
At present, however, a standard material has not yet been defined. (45) and Teflon (PTFE) (40) .
The attenuated UVB intensity, using different UV light sources, is The spectral transmittance of a sunscreen in the ultraviolet spectral range can be used to predict an in vitro SPF value based on standard erythematic and solar data (41) . The in vitro SPF is calculated as follows (Equation 2) (43, 46) :
Where: E ʎ -erythema action spectrum; I ʎ -spectral irradiance received from the UV source;
T ʎ -spectral transmittance of the sample; d ʎ -wavelength step (1 nm).
The two standardized functions, E ʎ and I ʎ , describe the relative sensitivity of erythema to individual wavelengths and the spectral distribution of sunlight as it reaches the earth's surface (43, 46) . With regard to the instrumentation, the absorption spectrum is the most relevant parameter for define the protective performance of sunscreen products (41) .
Mansur (28) developed a very simple mathematical equation which substitutes the in vitro method proposed by Sayre (47) , utilizing UV spectrophotometer with the following I -solar intensity spectrum on the wavelength (ʎ);
Abs -absorbance of sunscreen product on the wavelength (ʎ);
CF -correction factor = 10.
It was determined so that a standard sunscreen formulation containing 8% homosalate presented a SPF value of 4, determined by UV spectrophotometry (28) .
For Mansur (28) (49) .
For Bendová (21) , preference should be given to in vitro testing methods in relation to the SPF COLIPA testing method in vivo as a way to ratify the ethical concern and for screening purposes, like a way to minimize risks related to UV exposure of human subjects during a sunscreen product development (30) . Furthermore, in vitro methods are attracting increasing attention because they are more rapid, less expensive and circumvent the involvement of human volunteers with the related ethical problems (50) . (46) .
In vitro UVA methodology
Increasing concern with the effects on the UVA radiation has led to the development of broad-spectrum sunscreens, which attenuate exposure (54) .
Studies by Diffey and Rhodes (55) showed that in addition to quantifying (56) . These may occur through the transfer of load and interactions involving hydrogen bonds formed within the molecule or solvent, resulting in conformational changes (57) . In general, the use of fluorescence spectroscopy helps identify the effects of processes occurring after excitation of sunscreens (56) .
CONCLUSION
The consequences of UV damage are significant and are affecting a growing portion of the population. 
